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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized 
by the Chemical Engineering Plants and Related Equipment Sectional Committee had been 
approved by the Heavy Mechanical Engineering Division Council. 

With the advent of the need for higher and higher temperatures of operation in various process plants, 
thermic fluid heaters have become the choice to provide the process heat in preference to steam boilers 
due to the feasibility of attaining higher temperatures of the heating media without the necessity of 
maintaining high pressure. However thermic fluid has a tendency to degrade if subjected to higher 
than recommended temperatures and most of the thermic fluids are highly inflammable necessitating 
careful scientific approach to the design of equipment. While designing the combustion chamber of 
thermic fluid heaters, therefore, it is of primary importance that the thermic fluid film absorbing heat 
is not subjected to temperatures beyond its point of breakdown or its boiling point. The heat 
flow from the flame as well as the flue gases within the combustion chamber and the velocity of 
flow of the thermic fluid absorbing this heat need to be so adjusted that the film temperature is 
always below the critical limit. 

The combustion chamber of a gas fired or oil fired thermic fluid heater is usually designed as a cylindri- 
cal chamber using helically wound tubes within which the burner fires from one end and the flue gases 
exit at the other end. Thermic fluid is pumped through the tubes to provide forced circulation. 
Shell type designs are not adopted because of the low velocities obtaining on the thermic fluid side 
and the consequent large possibility of too high a film temperature or of local boiling. Reversing 
flame designs of the combustion chamber are also not generally adopted due to the high heat flow 
necessitating very high velocities of thermic fluid with consequent large pressure drops. 

Design and construction of thermic fluid heaters form very specialized fields of work with a lot of 
scope for continuous research and modifications. It is, therefore, attempted in this standard to 
cover only the basic requirements to ensure safety of the equipment, taking into consideration the 
prevalent industrial practice supported by the present level of theoretical information available. 
The designer should use research data as and when these become available. 

In the formulation of this standard, considerable assistance has been derived from the following 
publications: 

DIN 4754 : 1980 Warmeubertra gungsanlagen mit organischen flussigkeiten, issued by 
Deutsches Institut fur Normung ( Germany ). 

API 530 : 1978 Recommended practice for calculation of heater tube thickness in petroleum 
refineries issued by American Petroleum Institute. 
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Indian Standard 

OIL AND GAS FIRED THERMIC FLUID 

HEATERS — METHOD OF CALCULATION OF 

FILM TEMPERATURE 



1 SCOPE 

1.1 This standard specifies the method of calculation 
of maximum film temperature of thermic fluid 
occurring in heaters fired with either oil or gas as fuel 
with or without preheating of combustion air using 
single phase liquid flowing inside tubes. The method is 
valid for petroleum based thermic fluids as well as 
synthetic thermic fluids. This standard is not valid if 
two phase flows occur within the combustion 
chamber. 

1.2 The standard is applicable for coil type combus- 
tion chambers as well as refractory lined combustion 
chambers with convection tube banks arranged within 
and or at the exit of the combustion chamber. 

2 SYMBOLS, TERMINOLOGY AND 
FORMULAE 

NOTE — In this standard the terms 'furnace* and 'combustion 
chamber' are used synonymously. 

A % = Surface area of the combustion chamber, m 2 

B = Beam length due to the combustion chamber 
volume, m (see Table 1) 

B =3.6V F M S (1) 

Typical values are given in Table 1 

Table 1 Typical Values of Beam Length - 'B' 

(Clause 2) 



SI 

No, 
(1) 


Combustion Chamber 
Dimensional 

(2) 


Beam 
Length 

(3) 


1 
2 
3 
4 


Cube of edge V 

Cylinder of diameter V* and infinite length 
Cylinder of height = diameter = V 
Sphere of diameter *d* 


0.60 a 
0.90 d 
0.60 d 
0.60 d 



nett calorific value of fuel, kJ/kg 

mean specific heat of air integrated to air pre- 
heat temperature, kJ/kg°C 

mean specific heat of thermic fluid integrated 
to bulk temperature of furnace exit 

mean specific heat of thermic fluid integrated 
to the bulk temperature proximate to flame, 
kJ/kg 

mean specific heat of flue gases at constant 
pressure integrated to furnace exit tempera- 
ture, kJ/kg°C 

mean specific heat of flue gases at constant 
pressure integrated to flame temperature, kJ/ 
kg°C 

mean specific heat of thermic fluid integrated 
to film temperature at furnace exit 

mean specific heat of thermic fluid integrated 
to the film temperature proximate to flame 

kJ/kg°C 

diameter of the combustion chamber (tube 
centre to tube centre) in the case of helical 
coils the diameter of the inscribed circle, 
(centre to centre of tubes) in the case of 
shapes other than cylindrical chambers (see 
Fig. 1) 

flame diameter, m 

To be obtained from the burner manufacturer 

inner diameter of thermic fluid tube, at fur- 
nace exit, m 

Inner diameter of thermic fluid tube proxi- 
mate to flame, m 

outer diameter of thermic fluid tubes at fur- 
nace exit, m 

d of - outer diameter of thermic fluid tubes proxi- 
mate to flame, m 



C = 

ap 



c c = 



c = 



c = 



c = 



c = 



c wr 



D = 



d. = 



d* = 



d = 



-ee— 



-eeoe- 
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Fig. 1 Combustion Chamber and Flame Diameter 
1 
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e ( = flame emissivity 



e t = Y.dJ 



(2) 



NOTES 

1 Values of yand Z are to be obtained from the appropriate 
table for the type of fuel {see 3 for tables) 

2 Values of 'e* may be interpolated linearly between neigh- 
bouring calculated values of e f for intermediate values of (D^-d^. 
See Annex A, for example. 

F = radiation heat flux due to carbon dioxide, 
W/m 2 

F E = heat flux at the furnace exit, W/m 2 

F F = heat flux due to flame proximity, W/m 2 

F H = radiation heat flux due to water vapour, W/m 2 

F o = convection heat flux due to flue gas in cross 
flow at the exit, W/m 2 

f c = factor to account for increase in heat transfer 
due to secondary flows. 

= 1 + 3.54 . (dJD ) for helical coils proximate to 
flame ' c (3) 

= 1 + 3.54 . (d ID ) for helical coils at furnace 

^ le cf , ^ 

. exit (4) 

= 1 in other cases 

/ e = factor for rough approximation of furnace 
exit temperature 

/ c = 0.85 for refractory furnaces, and 

/ e = 0.66 for coil type combustion chambers 

/ fe = factor for variable physical properties of ther- 
mic fluid at furnace e^xit 

L=(PJPJ 0U (5) 

/ ff = factor to account for variable physical prop- 
erties of thermic fluid proximate to flame 

4 = (W n -(6) 

/ - factor for calculating peak convection flux in 
cross flow from the circumferential average 
convection flux 



= 1 .6 for configurations of furnace exit with un- 
restricted entry of flue gases into in-line tube 
banks 

= 1.9 when tubes are placed across the flue gas 
path except within in-line tube banks 

= factor to account for variable physical prop- 
erties of flue gas 



'vg 



/ = (T it y 

v g 8 C wc 



,0.12 



(7) 

G fe = mass velocity of thermic fluid through the in- 
side cross section of tube at furnace exit, 
kg/s m 2 

G ff = mass velocity of thermic fluid through the in- 
side cross section of the tube proximate to 
flame, kg/s m 2 

G e = mass velocity of flue gas through the gap 
between tubes at furnace exit, kg/s m 2 



St = 
H = 

k = 

IC 

h = 

o 

K = 
K = 

me 
mf 

K = 

we 

wf 

m = 



m = 



m = 



N = 



P = 

c 

p. = 



p„ = 



p = 



P = 



r«= 



gap between tubes across flue gas flow at fur- 
nace exit, m 

heat input per kg of fuel, U 

H = C +m .C At —t) (8) 

v a ap V ap a' V / 

inside heat transfer coefficient for thermic 
fluid tubes at furnace exit, W/m 2 K 

inside heat transfer coefficient for thermic 
fluid tubes due to proximate to flame, W/m 2 K 

convection heat transfer coefficient in cross 
flow at furnace exit, W/m 2 K 

conductivity of thermic fluid at the bulk tem- 
perature at furnace exit, W/mK 

conductivity of thermic fluid at the bulk tem- 
perature proximate to flame, W/mK 

conductivity of flue gas at the furnace exit 
temperature, W/mK 

conductivity of the tube material at furnace 
exit, W/mK 

conductivity of tube material proximate to 
flame, W/mK 

conductivity of thermic fluid at film tempera- 
ture at furnace exit, W/mK 

conductivity of thermic fluid at the film tem- 
perature proximate to flame, W/mK 

mass of air used per kg of fuel, kg 
To be measured or 

m a = m s (l+Z/100) (9) 

mass of flue gas produced per kg of fuel, kg 

m % = m a + 1 . ...'....(10) 

mass of air for stoichiometric combustion per 
kg of fuel, kg 

mean Nusselt number of flue gas at furnace 
exit 

percentage carbon dioxide in flue gas 

prandtl number of thermic fluid at the bulk 
temperature of fluid at furnace exit 

p k =C k .vJK k (11) 

prandtl number of thermic fluid at the bulk 
temperature of thermic fluid proximate to 
flame 

P« = C tt .v f JK„ (12) 

prandtl number of flue gas at furnace exit 

P = C .v IK (13) 

ge ge ge' ge v / 

percentage water vapour in flue gas 

prandtl number of the thermic fluid at the wall 
temperature at furnace exit 

P = C .v (14) 

we we we V / 

prandtl number of thermic fluid at the inside 
wall temperature of the tube proximate to 
flame 

P^'C^.vJK^ (15) 
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R^ = reynolds number of flue gas at furnace exit 

R {c = reynolds number of thermic fluid at the bulk 
temperature at furnace exit 

K = d ic .GJv (t (16) 

R & = reynolds number of the thermic fluid at the 
bulk temperature proximate to flame 

R a = d x .GJv tt (17) 

S = factor based on Stephan Boltzman constant 

= 5.67 

T { = flame temperature, K to be measured or 

*;» <r m -Tj" as) 

T fA = adiabatic flame temperature, K 

7" fA = ' fA + 273 (19) 

T ss temperature of flue gas at furnace exit, K 

T = t +273 (20) 

7* wc = tube outside temperature at furnace exit, K 

T = t +273 (21) 

we wc ^ ' 

7^ = wall temperature outside tubes proximate to 
flame, K 

^ = <„r+273 •- (22) 

f a = ambient temperature, °C 

t B ~ air preheat temperature, °C 

t^ - thermic fluid bulk temperature at furnace 
exit, °C (see Fig. 2) 

t = thermic fluid bulk temperature proximate to 
flame, °C * 

NOTE — To be taken at a point on the tube approximately l/3rd 
the flame length from the burner nozzle tip along the axis of the 
flame in the case of oil flames and approximately 2/3 rd the flame 
length from the nozzle tip in the case of gas flames. 

r fA = adiabatic flame temperature, °C 

H/(C,.m} + t t (23) 

t = film temperature at furnace exit, °C (see 
' Fig. 2) 

t - film temperature due to proximity of flame, 
°C (see Fig. 2) 

t = temperature fo flue gas at furnace exit, °C 

t tc = thickness of the tube wall at furnace exit, m 

f tf = thickness of the tube wall proximate to 
flame, m 

f we = tube outside temperature at furnace exit, °C 

t^ ~ temperature outside the tube wall proximate 
to flame, °C 

V F = volume of the combustion chamber, m 3 

V fe = dynamic viscosity of thermic fluid at bulk 
temperature at furnace exit, N. s/m 2 

v ff = dynamic viscosity of thermic fluid at the bulk 
temperature proximate to flame, N. s/m 2 



^<^~ : r^ 




BULK GAS 
TEMPERATURE 

WALL TEMPERATURE 



FILM TEMPERATURE 



8ULK FL UID 
TEMPERATURE 



Fig. 2 Temperature Gradient Across the Tube 

v e = dynamic viscosity of flue gas at the furnace 
exit temperature, N. s/m 2 

v wc = dynamic viscosity of thermic fluid at the film 
temperature at the furnace exit, N. s/m 2 

v wf = dynamic viscosity of thermic fluid at the film 
temperature proximate to flame, N. s/m 2 

X a - excess air percentage of combustion air 

3 TABLES FOR CALCULATION OF 'ef FOR 
VARIOUS FUELS ( TABLES 2 TO 4 ) 

Table 2 Gaseous Hydrocarbons 

(Clauses! and 3) 



*w. 


d^l.0 


d tt >h0 


Y 


Z 


Y 


Z 


3.0 
2.0 
1.0 
0.6 
0.2 
0.0 


0.175 
0.182 
0.205 
0.214 
0.246 
0.269 


0.910 
0.875 
0.969 
0.963 

0.823 
0.820 


0.183 
0.192 
0.212 
0.228 
0,251 
0.273 


0.569 
0.578 
0.591 
0.606 
0.614 
0.587 



Table 3 Petroleum Oils of 50°C Kinematic 
Viscosity Less Than 25GcS 

(Clauses 2 and 3) 



*><-** 


4r* 1.0 


rf ff >1.0 


y 


Z 


Y 


Z 


3.0 
2.0 
1.0 
0.6 
0.4 
0.2 
0.1 
0.0 


0.414 
0.432 
0.481 
0.495 
0.522 
0.542 
0.554 
0.582 


0.682 
0.667 
0.649 
0.634 
0.643 
0.653 
0.622 
0.628 


0.419 
0.439 
0.487 
0.516 
0.550 
0.583 
0.601 
0.629 


0.245 
0.228 
0.246 
0.254 
0.239 
0.227 
0.233 
0.241 
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Table 4 Petroleum Oils of 50°C Kinematic 
Viscosity of 250cS or Above 

(Clauses 2, 3 and Annex A) 



*>.-*. 


rf„s 1.0 


d B >1.0 


Y 


Z 


Y 


Z 


3.0 
2.0 
1.0 
0.6 
0.4 
0.2 
0.1 
0.0 


0.419 
0.436 
0.484 
0.534 
0.575 
0.607 
0.625 
0.649 


0.629 
0.582 
0.578 
0.601 
0.631 
0.638 
0.631 
0.617 


0.442 
0.458 
0.508 
0.554 
0.591 
0.627 
Q.641 
0.667 


0.197 
0.202 
0.215 
0.204 
0.194 
0.177 
0.189 
0.190 



4 THEORETICAL BACKGROUND 

4.1 When heat is absorbed by thermic fluid in the fired 
heaters, it is essential to limit the highest temperature 
attained by the thermic fluid film adjacent to the inside 
metal wall of the tube through which it flows to prevent 
undue deterioration of the fluid and the consequent 
dangers. It is also imperative that there is no localized 
boiling within the film in order to control fatique of the 
tube walls. These requirements in turn make it manda- 
tory that thermic fluid heaters are made such that there 
is reasonable guarantee that the film temperature al- 
lowed by the manufacturer of the thermic fluid is not 
exceeded. 

4.2 The film temperature of the thermic fluid can be 
calculated if the heat flux through the film is known. 
The difference between film temperature and the bulk 
temperature of the fluid would be the product of film 
resistance and the heat flux. Thus, 



t { = F.(l/k) + t b 



(24) 



where 
t t - film temperature of the thermic fluid, °C; 

F = heat flux at the point under consideration, 

P W/m 2 ; 
h = inside heat transfer coefficient for thermic 

fluid tubes, W/m 2 K; and 
t h = thermic fluid bulk temperature, °C. 

The method of calculation of the film temperature thus 
boils down to calculating the inside heat transfer 
coefficient of the thermic fluid and the corresponding 
heat fluxes at point where high heat fluxes are ex- 
pected. 

4.3 The maximum heat flux may occur at the point 
where the visible flame is the closet to the tubes. At this 
point one can expect the highest radiation from the 
flame with some additional convection. It is also 
possible that the maximum heat flux occurs where the 
flue gases exit from the combustion chamber and 
enters the convection bank where there may be quite 
high radiation coupled with high convection. The film 
temperatures need to be calculated at these points and 
the higher temperature need to be limited to the accept- 
able value. While calculating the heat flow, the gas 



side heat transfer coefficient controls the flux since the 
metal conductivity of the tubes as well as the inside 
heat transfer coefficient is very large when compared 
to the gas side coefficient. 

4.4 In a coil type heater, the radiation heat flux at the 
point where the flame is closest to the coil is a function 
of the ratio of flame diameter to the combustion 
chamber diameter. The Stefan Boltzman equation for 
radiation can be modified to include effective flame 
emissivity and the diameter ratio to give the radiant 
heat flux at this point. 

4.4.1 A fixed addition of 15 percent to account for 
additional convection is an accepted practice in indus- 
try for normal flames for the calculation of film tem- 
perature. For reversing flames the convection coeffi- 
cient is very much higher and at present need to be 
back calculated from measured values of flue gas tem- 
perature at the exit from the combustion chamber since 
no method of prediction is yet available in published 
literature. 

4.4.2 Prediction of the luminous flame temperature is 
traditionally carried out by calculating the geometric 
mean of the adiabatic combustion temperature and the 
furnace exit temperature. 

4.4.2.1 The adiabatic combustion temperature is cal- 
culated by first determining the mean specific heat of 
the combustion products at constant pressure inte- 
grated from the air preheat temperature to the flame 
temperature and then evaluating the adiabatic tem- 
perature from the knowledge of the mass of the com- 
bustion products and heat input. The specific heat is to 
be calculated using the specific heats of the constitu- 
ents proportionally. The heat input is the sum of the 
nett calorific value of the fuel and the heat in the 
preheated air per kg of fuel. 

4.4.2.2 The furnace exit temperature should be evalu- 
ated using relevant well known methods or by direct 
measurement. When elaborate calculations are not 
contemplated a conservative estimate of flue gas exit 
temperature can be made assuming that 66 percent of 
the heat released in the coil type combustion chamber 
is carried away by the flue gas at the exit. In the case 
of refractory furnace such a conservation estimate can 
be made assuming that 85 percent of the heat released 
in the flue gas is carried to the inlet of the convection 
bank, provided if at least one side of the combustion 
chamber is fully exposed to the convection bank. Such 
rough estimates however are not recommended as the 
design then tends to be crude though conservative and 
safe. A more precise evaluation of the flue gas exit 
temperature is strongly recommended. 

4.5 The heat flux at the exit of the combustion cham- 
ber may be calculated by adding the convection heat 
flux to the radiant heat flux. 

4 .5.1 Gas radiation may be calculated from the knowl- 
edge of the flue gas exit temperature using a thermo- 
couple or may be calculated using an appropriate 
procedure as mentioned at 4.4.2.2. 
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4.5.1*1 The radiant heat flux is calculated as a func- 
tion of the beam length of the furnace, percentages of 
carbondioxide and water vapour in the flue gas and the 
exit temperature. 

4.5.2 The convection heat flux from the flue gas may 
be evaluated by calculating the gas side heat transfer 
coefficient. Correlations between Nusselt number, 
Reynolds number and Prandtl number are available 
depending on the configuration of tubes at the exit. 
Almost in all cases tubes are placed across the flue gas 
flow and hence it will be seen that invariably correla- 
tions for cross flow are relevant. 

4.5.2.1 It will be seen that the maximum heat flux 
occurs on the front face of the tubes across the flow. 
The variation between the peak heat transfer and the 
average heat transfer around the tubes in cross flow has 
a ratio of approximately 1.6 to 1.9 depending on the 
geometry of the channel. A value of 1.6 will be used 
for flue gases having unrestricted entry directly into 
in-line tube banks at the end of the combustion chamber 
and 1.9 for all other cases. 

4.5.2.2 The method of calculation adopted for the 
convection heat flux into the tubes at the combustion 
chamber exit or into the tubes facing the chamber is 
valid for single tubes as well as for the first row of a 
tube bank. The direction of heat flow is accounted for. 

4.6 The inside heat transfer coefficient is calculated 
using the simplified Gnielinski correlation which is 
valid for the range of Reynolds numbers and Prandtl 
numbers relevant for thermic fluid heaters. 

4.6.1 Correction factor for the enhancement of heat 
transfer due to the increased turbulance at the tube 
entry is not required as this is not relevant while 
calculating the heat transfer coefficient at a point 
quite away form the thermic fluid entry into the tubes. 

4.6.2 There is an increase in the heat transfer coeffi- 
cient due to secondary flow patterns in coils and hence 
a correction factor is included. 

4.7 The bulk temperature at the relevant point is to be 
assessed depending on the location of the point in 
consideration. Linear interpolation of the bulk tem- 
perature between the inlet and outlet of the combustion 
chamber may be done as required. 

4.7.1 The point of the highest flux due to proximity of 
flames may be taken at a distance one third the length 
of flame in front of the burner tip in the case of oil 
flames and two thirds the length of the flame in front of 
the burner tip in the case of gas flames. 

5 CALCULATION OF FILM TEMPERATURE 
DUE TO PROXIMITY OF FLAME 

5.1 This evaluation is to be carried out in the case of 
combustion chambers with heat absorbing tubes along 
the wall. If flue gas exit from a furnace comprising 
refractory walls with no tube on the walls the calcula- 
tion given in 6 need only be carried out. 



5.2 A reasonable value of the wall temperature, f^is 
assumed and the flux and film temperature are calcu- 
lated. Once the film temperature is calculated, the wall 
temperature needs to be checked back and seen that it 
is within 5°C of the assumed value. 

5.3 Peak heat flux due to proximity of flame 



F T = 1.15 



,e t .S. 



[ViooJ \ioo)\ 



(25) 



5.4 Inside heat transfer coefficient 



h i( = OmifJ^KJdJ . (V 87 - 280) .P t o* 



ff 

(26) 



This equation is not valid for/? less than 2 300; but 
such a situation does not arise in fired thermic fluid 
heaters, the velocity then being too low. 



5£ Film temperature 
5.6 Wall temperature 



<wf = ' ff + W*»r 



(27) 



(28) 



6 CALCULATION OF FILM TEMPERATURE 
AT THE EXIT OF THE FURNACE 

6.1 A reasonable value of the wall temperature, f^is 
assumed and the flux calculated. Once the film tem- 
perature is calculated, the wall temperature needs to 
be back calculated and seen that it is within 5K of the 
assumed value. 

6.2 Heat Flux Due to Radiation at the Exit of 
Furnace 

6.2.1 Heat Flux Due to Carbon Dioxide 
F c = 0.89 (P . Bf J3 



[Vioo/ \ioo/ 



(29) 



6.2.2 Heat Flux Due to Water Vapour 
F H = 1.022/ > H 08 .B 06 



[Vioo/ \iooJ 



.(30) 



6.3 Heat Flux Due to Convection at Exit of Furnace 

If the flue gases exit from the furnace without any 
tubes across the flue gas path, the following convec- 
tion calculation need not be done and F^may be taken 
asO. 

6.3.1 Reynolds number for calculating heat transfer 
coefficient across tubes 

R K = 1.51G^.M^.dJ(M 2 .VJ (31) 
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where 

"i - */<*, + «U < 32 > 

M 2 = 1-0.785. A/, (33) 

M, = djk + dj (34) 

63.2 Nusselt number for cross flow 

N M = 0.3 + (N L 2 + N T 2 ) 05 (35) 

t 

where 

N t = 0.664./? °- 5 ,P 0J3 (36) 

0.037 /? 08 .^ 

AL = - % - (37) 

T 1 + 2.443/? - 01 .(P 066 -l) 

ec v g c ' 

6.3.3 Outside convection heat transfer coefficient in 
cross flow 

h o = 0.6SlN u .KJd„ (38) 

63.4 Peak convection heat flux 

F = h At —t )./ ./ (39) 

o o ^ gc we' ■'vg 'pc v / 

6.4 Peak heat flux at the furnace exit 

^B = *". + *„+*'. (40) 



If F o is taken as as allowed in 6.3; the value of F E is 
to be increased by a factor of 1.15 to take into account 
convect on at exit. 

6.5 Inside heat transfer coefficient at the point above 

h. K = 0.012/ c .f tt .{kJd.J.(R™ - 280).P fe °< (41) 

This equation is not valid for R^ less than 2 300 but 
such a situation does not arise in fired thermic fluid 
heaters. The velocity then being too low. 

6.6 Film temperature at furnace exit ( see Fig. 2 ) 

< fe = ^A-K* (42) 

6.7 Tube outside temperature at furnace exit 

t = t, +F F .t,/K (43) 

we ft E tc me v / 

7 FILM TEMPERATURES 

7.1 The maximum film temperature in the heater is 
the higher of f ff and t fc . 

7.2 If the maximum film temperature is higher than 
the recommended value, the design of the thermic 
fluid heater needs to be changed or the firing rate 
reduced such that the maximum film temperature is 
maintained within the acceptable limit. 



ANNEX A 

(Clause 2) 

EXAMPLE FOR CALCULATION OFe r 



Let us consider a case where heavy oil is being used whenD c - </ ff = 0.4, then using Table 4 and equation 



and we have: 
and 



D 



= 0.9 m 
= 1.45 m 



Then D - d„ = 1.45-0.9 

c It 

= 0.55 m 



To calculate 'e ( ' for £> c - d n = 0.55, we proceed as 
below: 

WhenZ) c -d ff = 0.6, then using Table 4 and equation 
(2) we have: 

e t = 0.534 x 0.9° 601 
= 0.501 



(2) we have: 

e t = 0.575 x 0.9 0631 
= 0.538 

By linear interpolation for 'e { 9 whenD c - d (( - 0.55; we 
have: 

(0501-0.538) 
e e = 0.538 + ,„ _ x (0.55 -0.4) 



(0.6 - 0.4) 



= 0.510 



Standard Mark 

The use of the Standard Mark is governed by the provisions of the Bureau of Indian 
Standards Act, 1986 and the Rules and Regulations made thereunder. The Standard Mark on 
products covered by an Indian Standard conveys the assurance that they have been produced 
to comply with the requirements of that standard under a well defined system of inspection, 
testing and quality control which is devised and supervised by BIS and operated by the 
producer. Standard marked products are also continuously checked by BIS for conformity 
to that standard as a further safeguard. Details of conditions under which a licence for the 
use of the Standard Mark may be granted to manufacturers or producers may be obtained 
from the Bureau of Indian Standards. 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau oj Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in 
any form without the prior permission in writing of BIS, This does not preclude the free use, in the 
course of implementing the standard, of necessary details, such as symbols and sizes, type or grade 
designations. Enquiries relating to copyright be addressed to the Director ( Publications ), BIS. 

Revision of Indian Standards 

Indian Standards are reviewed periodically and revised, when necessary and amendments, if any, are 
issued from time to time. Users of Indian Standards should ascertain that they are in possession of 
the latest amendments or edition. Comments on this Indian Standard may be sent to BIS giving the 
following reference : 

Doc: No HMD 17(5093 ) 

Amendments Issued Since Publication 

Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 

Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 

Telephones : 331 01 3 I f 331 13 75 Telegrams : Manaksanstha 

( Common to all Offices ) 

Regional Offices: Telephone 



Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg 
NEW DELHI 110002 



j33i 01 31 

{331 13 75 



Eastern : 1/14 C. I. T. Scheme VII M, V. I. P. Road, Maniktola 37 86 62 
CALCUTTA 700054 

Northern : SCO 445-446, Sector 35-C, CHANDIGARH 160036 53 38 43 

Southern : C. I. T. Campus, IV Cross Road, MADRAS 600113 235 02 16 

Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) 6 32 92 95 
BOMBAY 400093 

Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. 
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